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Little is known of the exact relationship existing between any of the 
filtrable  viruses and  the  cells injured  by  their  action.  An  obvious 
line of investigation is to alter the functional activity of the cells and 
to note how this modifies them in respect to the viruses.  The purpose 
of the present paper is briefly to report some experiments in this direc- 
tion.  The  submaxillary  virus  of  the  guinea  pig  was  selected,  in 
preference  to  other  filtrable  viruses,  mainly  for three  reasons:  first, 
because it can be easily obtained from the majority of old guinea pigs; 
second, because the nuclear inclusions produced are larger  and more 
conspicuous than  those called forth by any other known virus;  and 
lastly for the reason that the activity of the submaxillary gland may 
readily be influenced by many experimental procedures. 
Duct Ligation. 
In the first place it was decided to modify specifically and  radically 
the cells attacked by the virus,  through ligation of the submaxillary 
duct.  This was accomplished in the following way: 
With the animal under ether anesthesia a median longitudinal incision was made 
in the skin of the neck.  The superficial muscles and fascia were pushed aside with 
blunt instruments and the duct located and grasped with forceps.  A ligature of 
white silk thread No. 5 was then passed around the duct and tied securely, care 
being taken to avoid injury  to the vascular and lymphatic  supply of the gland. 
Finally the incision in the skin was closed with heavy silk thread and the surround- 
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ing area was painted with iodine.  In every case healing occurred without infec- 
tion. 
For the experiments 32 guinea pigs, 3 weeks old and approximately of the same 
weight, were divided into 4 lots, and a fifth lot of animals unoperated upon, of the 
same age was added to the series for control. 
Lot 1 consisted of 16 animals in all of which the duct of the right submaxillary 
gland was ligated.  The first injection of virus was made subcutaneously 12 hours 
after ligation.  This was followed by two other injections spaced 24 hours apart. 
The virus was freshly prepared in each instance by taking the submaxillary 
glands of an adult guinea pig and grinding them in a sterile mortar.  Enough salt 
solution was  added  to make about a  10 per cent emulsion  of gland substance. 
This was given in 0.5 cc. doses.  Small pieces of the same tissue fixed in Zenker's 
fluid and colored with Giemsa's  stain, when examined,  revealed the presence of 
typical nuclear inclusions in each gland used in the preparation of virus. 
Lot 2 was made up of 4 guinea pigs in all of which the right submaxillary duct 
was ligated but which received no virus.  The animals  were killed 9, 12, 15 and 
18 days after the operation.  This was therefore a control group. 
Lot 3 consisted of 4 animMs which had both right and left submaxillary ducts 
ligated and which were given virus like the members of Lot 1. 
Lot 4, again 4 guinea pigs, was a control on Lot 3, the ducts on both sides being 
ligated but no virus being given. 
Lot 5 consisted of 4 animals unoperated upon which received virus as did those 
in Lot 1. 
Reaction of Unligated Glands to the Virus. 
The alterations will be compared; first, with those found in typical 
induced infections (Lot 5), and,  second, with others  occurring  spon- 
taneously. 
With  but one exception the infection in  these unligated glands in 
Lot 1 was much more extensive than that in animals which had not 
been operated upon  yet received a  similar  dosage  of virus  (Lot 5). 
Perhaps  this  was  because  the  amount  of  normal  gland  substance 
offered to the virus was reduced by one-half owing to  the  ligation  of 
the ducts on the right side.  But it may have been a  question of rate 
of physiological activity rather than  the  quantitative one of availa- 
bility of gland substance for the unligated glands in Lot 1 were obliged 
to care for the duties normally performed by their ligated mates. 
An  attempt  was  made  to  represent  this  difference in  a  roughly 
quantitative  way  by  counting  the  number  of  inclusion-containing 
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estimation every duct with inclusions seen in a median cross-section 
of the gland was considered; but the nuclei were not counted in cross- 
sections of ducts devoid of inclusions.  A transverse section of one of 
the glands of Lot 1 contained 56 sections of  ducts exhibiting inclu- 
sions, but such a very heavy infection was unusual. 
The counts gave a  ratio for the unligated glands (Lot 1) of nuclei 
with inclusions  to  unaltered nuclei varying from  1:3.42  to  1:5.59; 
while the proportion of normal nuclei was much higher in the controls 
(Lot 5), namely from 1:4.79 to 1:8.60.  It is to be noted further that 
the number of ducts affected was also less. 
Not only was there this difference between the relative number of 
inclusions in the animals of Lots 1 and 5,  but  also a  difference was 
noted in their comparative distribution.  They were found in a wider 
variety of cells.  Instead of being confined to the cells of the secretory 
ducts they were observed quite frequently in  the acinous cells,  the 
cells of the intercalated ducts and even appeared occasionally in those 
of the collecting ducts. 
Likewise in the mucous portion of the left unligated glands inclu- 
sions were found in some cases in the acinous cells in addition to the 
secretory ducts in which latter they were not seen in the 4 animals of 
Lot 5. 
The second comparison with spontaneous infections was more worth 
while, because it was made on a more adequate scale--16 animals in 
Lot  1 and 42  adults with spontaneous lesions.  Here the same two 
differences were noted.  The  inclusions  were both more abundant 
and were spread in a larger variety of ceils in the unligated left glands 
(Lot 1) than in the spontaneous lesions of old animals. 
The  detailed  appearance  of  inclusions  in  spontaneous  lesions  in 
animals  less  than  1  month old  has  apparently not  been  recorded. 
Their occurrence in guinea pigs so young, which alone would be com- 
parable as to age with the animals of Lot 1, is negligible.  Cole and 
Kuttner  (1)  found only 3  such cases among 43  animals less than  1 
month old and they made no reference to the existence of any differ- 
ence in  the  distribution  of  the  inclusions.  Spontaneous  infections 
were never observed in any of the guinea pigs about 3 weeks old studied 
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Reaction to the Virus of the Ligated Submaxillary Gland. 
It may be said at once that ligation of the right submaxillary ducts 
in the guinea pigs of Lot 1, and of the ducts on both sides in Lot 3, 
completely inhibited  the  formation of  any  intranuclear  inclusions 
within the glands, whereas, as has been stated, the urdigated glands 
on the left side (Lot 1) developed  many inclusions. 
The appearance of the epithelium after duct ligation is illustrated 
in Figs. 2, 4 and 6.  Changes of several kinds were recognized.  These 
seemed to be the same in control ligated animals (Lots 2 and 4) which 
did not receive any virus. 
The epithelium of the ducts proliferated extensively (Fig. 2).  The 
division  was  by  karyokinesis  and  looked  regular.  No  multipolar 
mitoses were detected, nor signs of amitosis.  A characteristic meta- 
phase is illustrated in Fig.  2.  The prophase represented in Fig. 4 
looks in the photomicrograph something like an inclusion but in the 
preparation it could be distinguished dearly from the typical inclu- 
sions shown in the figure above it of the corresponding unligated left 
submaxillary gland.  The proliferation was limited by the connective 
tissue surrounding the ducts and separating them from the acinous 
tissue.  As  a  result  of  the  growth of  cells  there was  considerable 
vacuolation and pressure on the cells,  particularly those lining the 
lumen, into which cavity they frequently desquamated (Fig. 2).  The 
multiplying cells possessed mitochondria which were normal in shape 
and in number. 
The cells of the secreting acini, on the contrary, did not multiply 
but underwent extensive degeneration.  Sections from glands 2 to 5 
days after ligation of their ducts showed merely a  depression in the 
affinity of the acinous cells for Giemsa's stain and a change from rod- 
like to small spherical mitochondria.  But 9 days after ligation very 
little recognizable acinous tissue remained,  its place having been taken 
by  connective tissue  and  by  clumps of mononuclear ceils.  At  no 
time, however, were lymphocytes or polymorphonuclear leucocytes 
abundant.  One of the latter is to be seen within the proliferating duct 
epithelium in the upper part of Fig. 2. 
The absence of intranuclear inclusions in the ligated glands sug- 
gested the possibility that the virus might also be absent.  To secure 
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5 young guinea pigs were selected and the right submaxillary duct was ligated 
in each  animal.  Three inoculations of fresh  virus,  prepared  as in the manner 
described, were given at 24 hour intervals.  16 days after the last inoculation the 
animals were killed and an emulsion prepared from their combined ligated glands. 
The unligated glands of this series were examined in the usual manner and all of 
them showed typical virus infections with many intranuclear inclusions in the 
secretory ducts.  The virus thus secured was injected by the intracerebral  route 
into 5 young guinea pigs each of which received a dose of 0.1 cc.  They showed no 
untoward symptoms after  their recovery  from the ether  anesthesia  and were 
allowed to llve for 4 weeks when their brains were removed and examined for 
inclusions. 
In one of the five brains three cells were located whose nuclei contained intra- 
nuclear bodies only slightly resembling typical inclusions; but there was little or 
no meningeal exudate.  The remainder  of  the brains  were uniformly negative 
although a diligent search was made for inclusions. 
It seems probable therefore that the virus was absent in the ligated 
glands in this series or else was present in such small amounts, or so 
attenuated, as to be incapable of manifesting itself in the usual manner. 
But there is still another possibility that the animals inoculated intra- 
cerebrally were possessed of an active immunity against the virus (2). 
This  is,  however,  extremely  unlikely  because,  as  has  been  noted, 
spontaneous infections are rare in guinea pigs less than 1 month old. 
This observation,  that the virus is in all likelihood absent in ligated 
glands,  is  interesting in view of  the fact that every precaution was 
taken not to interfere with the blood and lymph supply of the gland 
in the process of ligation.  In sections of the ligated glands blood and 
lymphatic vessels that were apparently normal could be identified with 
ease.  The conclusion seems justified that through this special sort of 
injury the virus is warded off. 
The E~rect of Pilocarpine Administration. 
The severity of the infections obtained in the unligated glands (Lot 
1), which were working overtime to compensate for the throwing out of 
commission of the ligated glands on the opposite side, rather pointed 
to  the  conclusion  that  heightened physiological  activity favored  a 
severe reaction to the virus.  To test this possibility another experi- 
ment was performed. 
6 young  guinea pigs of about the same weight were chosen.  All of them received 
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pigs were given doses of pilocarpine hydrochloride of sufficient amount to produce a 
considerable degree of salivation.  The  dosage varied  with  the weight  of the 
animal and with its individual idiosyncrasies in respect to the drug.  The first 2 
days of the experiment were sufficient to establish the dosage which would produce 
an extensive flow of saliva but not kill.  Increasing  amounts of pilocarpine were 
given as the experiment progressed for the animals acquired some tolerance.  An 
almost continuous flow of saliva was finally produced in each  guinea pig for at 
least 12 hours out of each day for 15 days.  One animal of the 6 was reserved for a 
control and was given an equivalent amount of physiological salt solution sub- 
cutaneously each day in place of the pilocarpine. 
At the end o~ 15 days the animals were killed and their salivary glands prepared 
for examination by the procedure already outlined. 
The submaxillary glands of the control animal presented the usual 
nuclear inclusions in the cells of the secretory ducts.  The severity of 
the  infection  was  not  marked.  For  example,  in  one  section  taken 
through the center of the gland only 50 inclusions could be counted. 
The glands  from the  members of this series which had been stimu- 
lated with pilocarpine, showed by contrast a complete exhaustion of the 
acinous cells.  In some of the glands,  on the other hand,  there was 
evidence of hyperplasia in the acinous  tissue.  Mitotic  figures were 
occasionally  found  in  such  regions,  and  it  was  quite  evident  that 
newly formed secretory tissue was present.  There was considerable 
edema of the interstitial  tissue. 
Nuclear inclusions were present in large numbers.  That the infec- 
tion was active at the time the animal  was killed is demonstrated by 
the  preponderance  in  number  of  "young"  inclusions  visible  in  the 
treated glands.  Literally every section of a  secretory duct  was the 
carrier of one or more inclusion-laden  nuclei.  Often  as many as 20 
altered  nuclei  were  present  in  a  single  section  of  a  duct.  In  one 
instance a  section through the center of a treated gland presented 312 
typical inclusions.  This proved to be an unusually large count as the 
average  of sections counted was 203.  It  is evident,  therefore,  that 
pilocarpine stimulation did lead in some way to the development of a 
markedly increased number of inclusions in this series of animals. 
But this is not all, for again was encountered the peculiar involve- 
ment, found in the ligation experiments, of cells which usually escape 
virus action, namely the acinous cells and the cells of the intercalated 
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activity caused by pilocarpine therefore clearly alter the relationship 
between virus and cells in much the same way. 
DISCUSSION. 
The experiments described show that the incidence of intranuclear 
inclusions  (and  quite possibly of virus)  may be  altered  at  will  by 
experimentally modifying the physiological activity of the salivary 
glands on which the submaxillary virus acts. 
The formation of inclusions may be completely inhibited by ligation 
of the submaxillary duct.  This result came as a surprise because the 
operation causes injury and the active formation of young cells--two 
factors which are believed by Rivers (3) and others to be influential in 
the promotion of virus action. 
Conversely, the development of inclusions may be greatly aided by 
stimulation of the gland with pilocarpine.  There is often in such in- 
stances an active formation of young cells, but it is not accompanied 
by injury other than that resulting from a  high degree of functional 
activity maintained to a stage of profound exhaustion. 
The differential factor in the response is not the presence or absence 
of  young cells,  but  rather  the  depressed or  heightened functional 
activity artificially imposed upon the glands at the time that they are 
subjected to virus action. 
SUMMARY. 
The  development in  the  submaxillary  glands  of  guinea  pigs  of 
intranuclear inclusions traceable to submaxillary virus can be wholly 
suppressed by ligation of the gland ducts.  Induslons appear in far 
greater  numbers in  glands  stimulated with pilocarpine  than  is the 
case in ordinary spontaneous and induced infections. 
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EXPLANATION OF PLATES. 
All the photomicrographs were taken of preparations fixed in Zenker's fluid and 
colored with  Giemsa's stain  at  a  magnification of  1500 diameters.  The  upper 
figure in each case represents a portion of the left,  unligated, gland and the lower 
figure one from its mate, the ligated, right, submaxillary gland of the same animal. 
PLATE 18. 
Fro. 1.  Inclusion-laden cells in a guinea pig of Lot 1 killed 9 days after the last 
virus inoculation. 
FIG.  2.  Ligated gland  from  the  same  animal  showing  proliferation  of  duct 
cells (note metaphase about the center of the figure), and their desquamation  into 
the constricted lumen; but no inclusions. 
PLATE 19. 
Fro. 3.  Cells possessed of nuclear inclusions in a guinea pig of Lot 1 killed 11 
days after the final inoculation with virus. 
F1G. 4.  Ligated gland from same animal  illustrating  active  multiplication  of 
cells and still further occlusion of the duct.  The cell to the left of the duct, which 
is near the center of the figure, shows a division prophase. 
PLATE 20. 
FiG. 5.  Cells with inclusions in a guinea pig of Lot 1 killed 13 days after the last 
injection  of virus.  The dark  tint of  the cells  in this  figure as  compared  with 
Fig. 1 is due to a difference in photographic exposure, not to a variation in intensity 
of staining. 
FIG. 6. Ligated gland from the same animal.  A metaphase is conspicuous in 
the epithelium of the duct which at this point consists of a  single layer of cells. 
There are no inclusion bodies. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XLIX.  PLATE 20. 
Photographed by Louis Schmidt. 
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